Forming part of the acoustic ecology of the game (Grimshaw, 2007) , each of these elements for the seven main locations (each containing over 100 unique sub-areas) in the single player campaign for Battlefield 4, has been meticulously researched to reflect what Schafer might refer to as the Keynote sounds (the background environmental sounds) and Soundmarks (sonic landmarks) of their real world counterparts (Schafer, 1994) , even to the extent of reflecting the appropriate season during which the action takes place, as Mari Saastamoinen Minto explains: 5 For Caspian Border in Battlefield 3, we used sounds from swallows that exist in the real Caspian area. But in Second Assault (Battlefield 4 expansion released November 2013) it's autumn, so we want birds with a more autumn-like sound. We've found a bird called Caspian Snowcook, but we've already used that in the Alborz Mountain map, so the bird hunt goes on… (Saastamoinen Minto, 2013) 
Authenticity in Foley
For the player to feel a sense of perceptual presence within the environment it is also important that the sounds that are generated as they interact with it (referred to by Grimshaw [2010] as kinediegetic sounds) match with the player's sonic expectations that have been formed in the physical world. Indeed, some consider this ergo-audition (Chion, 2010) , the 'perception and joy of self-generated sounds' (Leibe, 2013) , to be key to enhancing the player's sense of presence, by extending the body into the game (Collins, 2011) . In order to feel authentic, the sounds must match the depiction of movements (or achieve 'kinesonic congruence' [Collins, 2013] ) and avoid any sense of repetition; a key challenge to the game sound designer is avoiding the repeated soundfile, a disruptor of immersion (Vachon, 2009) . To combat this problem of repetition in Foley sound, Battlefield 4 uses three categories of footstep samples (walk, run, and sprint) for each of the basic surface types (dirt, tarmac, wet tarmac, wood, grass short, grass long, gravel, metal, sand, water, forest, snow, ice, glass, and indoor floor). These footstep sounds are not played as discrete samples, but are blended with each other depending on the speed at which the playercontrolled character moves through the environment (which modulates the amplitude and duration of the sound). They are further varied via a random pitch shift. The footsteps are supplemented by a Foley layer from the character's clothing, which again uses blending techniques, modulating both the amplitude and pitch using player speed across the different movement types. Each of these types of movement (walk, run, sprint, scuffle, crawl, vault, land , change pose, fall, swim, and melee) also have associated samples within their own logic systems, generating a Foley system of huge complexity and flexibility ( Figure 3 ). The importance of the role of Foley for player immersion is recognized by the decision in Battlefield 4 to remove them from the automated mixing system so that they are always present in the mix.
...whilst your firearm is the key way you interact with the environment, you have a big part to play too, so we've taken player Foley out of the High Dynamic Range mixing system, now explosions will not cull your footsteps; there's a constant sonic connection between character and world. (Minto in Broomhall, 2013) Authenticity of acoustics Just as sound adds materiality to visual objects (Beck, 2008) , giving the two dimensional images weight and substance, the acoustic reverberation within a game adds materiality to the graphical renderings of the environment. The sheer complexity of calculating the scattering of sound waves across an intricate virtual scene remains out of reach of the real-time demands of video games 7 so the items of key importance in the shooter game, the weapons, rely on a system of pre-rendered sounds to evoke the acoustic response of the different spaces within the game.
In Battlefield 4 each weapon sound is in fact a combination of numerous elements. These enable the player to identify the weapon type (the 'What?') through the transient 8 and body elements of the sound, and create a sense of authenticity for the game environment (the 'Where?') through additional layers and reverb tails (Minto, 2011) . In Figure 4 , the top three files represent the "body" elements of the weapon and the five lower audio files are the pre-recorded acoustic tails captured to represent environments such as 'Indoor Small', 'Indoor Large', 'Urban', 'Far', and 'Open field '. 9 There are multiple variations for each tail type, and the blending between the different types is governed by run-time parameters based on the type of area in which the weapon sounds.
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Although we have touched only briefly on some of the systems within the game, we can see how the Battlefield audio team go to great lengths to achieve authenticity in the audio through the appropriation of realistic ambiences, Foley and acoustic spaces.
Authenticity through codes of realism
Although some of us will be conscious of 'the symbol, the emblematic sound(s)' (Chion, 2009 ) that serve as codes of reality in cinema, such as the lonely Amtrak horn that echoes through every wrong-side-ofthe-tracks neighborhood, or the Kookaburra laugh that embeds the truth of a jungle environment (despite actually being native to Eastern Australia), much less explored is the role played by the quality and characteristics of the medium itself in informing our notions of the authentic. What is considered authentic is actually an evolving notion that is based on the fidelity of the recording and storage mediums available in a particular era or context. In visual terms we are very familiar with how the distortions of dust and scratches over black and white imagery, or the aspect ratio and grain of 1980s home video can be used to reference different eras or contexts. Likewise, when assessing whether the Battlefield series has achieved its aims of creating a 'real and believable world' (Strandberg in Jock, 2011), we bring our expectations formed by mediated realism to play. In the Battlefield series we can trace this influence, from the DV Cam of television news and documentary footage to the vérité rawness of the new media of citizen journalism such as the mobile phone and personal camera.
Each [game] release is like an audio snapshot of the time. Bad Company was as recorded through a handycam mic. Bad Company 2 was akin to mobile phone recordings uploaded to YouTube. For Battlefield 3, the 'unedited war' vibe of contemporary Iraq and Afghanistan documentaries was the benchmark, resulting in a more refined and decipherable soundscape for the game. For Battlefield 4 we wanted to recapture the rawness of BC2 [Bad Company 2] , but not at the expense of clarity and readability.....This is the "Go-Pro helmet-mounted camera" take. (Minto in Broomhall, 2013) .
Throughout the development of previous Battlefield games, the aesthetic of the authentic has often led to a preference for the characteristic artifacts produced by consumer level (i.e. "lo-fi") audio equipment for the sounds of battle.
When we were recording military exercises, it was the crappiest recorders capturing the most violent sound that actually ended up in the game not the expensive recorders -they sound more "authentic" when compared to the kind of war footage we're used to seeing. (Strandberg, 2011) 11 Or as Audio Director Ben Minto puts it, 'we don't mind recordings with dirty in them -embrace the dirt' (Minto, 2014) .
In Battlefield 4 we can identify specific examples of these types of distortions or colorations, such as the buffeting of wind against the microphone (specifically in the coastal storm of the 'Singapore' level) (see Figure 5 ) or the clipped distorted recordings produced by signal overload (see Figure 6 ), most apparent in the tank projectile impact sounds in 'Shanghai', and the optional 'War Tapes' audio setting (introduced in Battlefield: Bad Company 2) that 'mimics the very heavy compressed and distorted feel of video footage recorded out in the field.. it's an aesthetic setting that embraces or translates the game sound into the "sound of youtube-ism" where everything is exaggerated. It's like a film-grain filter in Photoshop' (Strandberg in Jock, 2011) (see Figure 7 ). A now commonly used term in game audio, the HDR (High Dynamic Range) mixing system mentioned above was originally developed by DICE (Digital Illusions CE) in 2006 as a way of ensuring certain mix priorities through an automated process, mapping the large dynamic range of reality onto the smaller one permitted by 16-bit playback systems (140dB to 96dB [Huber and Runstein, 2010] ).
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HDR preserves the relative assigned dB difference between adjacent sounds within a fixed, yet movable, window of dynamic range. The window will always rise to encompass the loudest sounds, and those that fall below the minimum threshold are culled away. (Minto, 2014) In addition to this automated application, the HDR system is also exploited creatively within Battlefield 4 as a symbol for loudness itself. Instead of trying to recreate the true dynamic range of war (neither possible nor desirable since machine gun fire in an enclosed space would lead very quickly to permanent hearing loss), the "pumping" effect of cheap limiters found in consumer video equipment (where the recording volume is automatically lowered to avoid clipping distortion, once a peak threshold is reached, before gradually resetting) is adopted as a metaphor for the amount of acoustic energy put into an environment, and the environment's recovery from this audio assault.
Loud is not just about volume -but perceived effect on the environment. HDR pumping can be set per level, it's basically the release time which can be varied across a level -i.e. after something loud, how quick do the quiet sounds come back? It can also have a cumulative effect, so if you fire for longer it takes longer for the energy to disperse and allow quiet sounds back. We choose to exaggerate the effect in some cases in the BF titles -it makes loud things feel louder/brutal. (Minto, 2014) It can be seen in Figure 8 that the HDR level returns to is base setting of 80, after reaching a peak of 115.93 (see HDR Scaling data in Figure 8 above) but it does so over a "release" time period, the resultant gradual re-introduction of the quieter sounds evoking the pumping effect of consumer audio equipment.
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The paradox of the "inauthentic" As described above, Battlefield 4 invests significant resources to immerse players in a realistic ambient environment and to support their sense of presence in the game through realistic interaction sounds (Foley) and acoustic responses. We could describe such sounds as "real", in that they are representations or attempted simulations of audio in the physical world (bearing in mind the caveat regarding rendering made in the opening comments). The reality signifiers that reference distortions of recording or reproduction media (such as buffeting, clipping, compression, and pumping) are clearly not "real" in the same way, but can be instead described as "mediated real" 16 in that they still match a player's expectations or schema and therefore feel "authentic". In other words the "authentic" encompasses both the "real" and the "mediated real".
Through the construction of a seemingly authentic soundtrack, Battlefield 4 is more successful than most in evoking the perceived reality of being in combat (as a number of military veterans have testified [Beynon, 2013] ) and yet it appears a paradox that, on close inspection, a significant proportion of the audio appears to make no attempt to be authentic (neither "real" nor "mediated real") at all.
Identifying the "inauthentic"
Below are some of the sounds present in the game that appear to have no basis in the reality of the game world. 2. As the player approaches an enemy, a synthesized sound accompanies the appearance of a semicircular indicator on the screen, orientated in the direction of the enemy (Figure 10 ). This intensifies in volume, notifying the player of the enemy's increasing awareness of their presence. 3. When coming within a certain radius of a collectable item, a sound plays as an orientation function, alerting the player to its close proximity. Another sound notifies the player of a successful pickup. (Figure 11 ) (The automatic picking up of ammo is also accompanied by a reload notification sound.) 
4.
A sound notifies the player that their squad is available and awaiting instruction, and then another accompanies the appearance of orange aiming reticles as confirmation feedback that the command has been received from the player (Figure 12 ). (A charging up and breath sound also serves as notification when the player's health rejuvenates to full). Unlike the authentically "real" sounds of ambience, Foley, and weapons discussed above, where every effort is made to match the variation in sound found in the physical world, these sounds appear to share a different characteristic, in that they are all highly repetitive. Even if exactly the same sound is not always repeated (though it is in most cases), then at least they are repetitive in gesture, using four or five highly related sounds, as in the instance of the ammo pickup notifications.
Ludic functions of the "inauthentic"
What also unites these inauthentic (or "unreal") sounds is that they are all performing a ludic function, that is, they are all supporting the player's ability to succeed in the game by providing vital gameplay information (Stevens and Raybould, 2014) . Much of the "fun" of games derives from the player's fundamental desire for mastery (Przybylski et al., 2010) and the sense of immersion that comes from engaging with challenge (Ermi and Mäyrä, 2005) , but in order to maintain the player's state of flow (Csíkszentmihályi and Csíkszentmihályi, 1992) , the player's skills must remain balanced against the challenges they face. The function of these sounds in drawing attention to instructions, providing notification, feedback, and orientation to the player are vital in compensating for the relatively low fidelity of information available when playing a game, when compared to that of the physical world.
The SALIs (State And Location Indicators, see Figure 13 ), such as the direction indicators referred to above under 2., provide a good example of the issues at play here. These semicircular icons, which have become part of the grammar of games through their ubiquitous adoption in first and third person genres, perform the dual function of informing the player about the current state of the enemy (since due to resolution and memory issues we often lack the graphical fidelity ( Figure 14 ) that might allow us to represent the non-playable character's (NPC's) emotional state through facial expression or body language [Edsall, 2003] ) and the off-screen direction of the enemy -the field of view in Battlefield, like most first person games is limited to around 60-70 degrees (Saastamoinen Minto, 2013) . The proximity cue for collectables (group 3, above) is also a compensation for limited graphical fidelity and field of view, and confirmation sounds for the pickup of collectables or the acknowledgement of squad instructions (group 4) are a proxy for the haptic feedback that would provide a confirmation of interaction in the physical world (Stevens and Raybould, 2011) . Although they could be perceived as inauthentic, these ludic functions of audio convey vital information to the player. As Ben Minto describes, '...the more information [players] have the more informed their choices and the more immersive the title becomes. If the choices pay off they feel the game is "better".' (Minto, 2014) Situating the "authentic" and "inauthentic" Of course, many of the "authentic" elements of a game's soundtrack also provide ludic information. Experienced players can decode the high frequency content of a machine gun sound to understand its distance from them, or identify the particular faction that the sniper on the distant horizon belongs to through the characteristic crack of the rifle. The iconic, repetitive sound signals of the purely ludic, however, appear to occupy a specific place within a game's social and functional space. The concepts of diegesis have been seen to be problematic for film (Kassabian, 2013) , and even more so for games (Jørgensen, 2011) , so firstly we will attempt to position these sounds within a self-devised framework that is focused on the function of the sound, and by whom it is heard ( Figure 15 ). It is these repetitive, highly encoded, elements which clearly fall outside of the representation of the authentic in Battlefield 4, and indeed it could be said that the aesthetic of video game audio is the product not only of technological constraints (Collins, 2008) but of ludic imperative; it is the presence of the egoludic that makes games sound like games.
These sounds appear to occupy a space similar to that of the visual Heads Up Display (HUD) present in many games, in that they are clearly part of the game, and yet distinct from the reality of the game world ( Figure 17 ). It has been seen that, despite this apparent disconnect, the presence of HUDs does not have a discernable effect on a player's sense of immersion (Jørgensen, 2012) , and in many cases the attempts to better integrate them into the narrative world or provide some justification for their presence are unnecessary (Fagenholt, 2009) . In this light, the old diegetic considerations of defining elements in relation to them being internal or external to the game-world makes little sense, since ego-ludic audio and Heads Up Displays are clearly part of the game, and therefore internal or diegetic, and if everything is diegetic then the terminology becomes redundant. Explaining, understanding or resolving the paradox of the "authentic" and "inauthentic" This discussion of social-functional spaces in games helps us to categorize, define and identify the authentic ("real" and "mediated real") and inauthentic, but does not bring us any closer to explaining how these seemingly contradictory elements can co-exist in Battlefield without affecting a player's absorption in the game. How do we explain the fact that 'even in the presence of non-authentic sounds….game players experience immersion' (Grimshaw, 2012) ?
If we have a reality schema, 19 formed through our everyday experience (and our mediated experience), then it follows that as our familiarity with gaming grows (our 'ludoliteracy' develops [Poulsen and Gatzidis, 2010] ) we also develop a gaming schema, one that is conversant with the tropes and expectations of the medium, so part of the acceptance of the incongruence of the ego-ludic within an authentic soundscape is simply down to our learnt experience of games. Indeed it could be that, for people unfamiliar with the medium, it is precisely these kinds of repetitive sounds, seemingly not embedded in the narrative world of the game, that prove to be disruptive to immersion. For the gamer, however, once they understand the encoded meaning of the sound, they no longer actively listen to the sound in the same way, they simply register its meaning and its implications for gameplay. In order for this to happen, the positioning of a particular sound as ego-ludic needs to be clear; i.e. if it is not 'ecologically valid' (Bergman et al., 2009) within the reality of the game-world as presented to the player, then it needs to be clearly positioned within the ludic space. In order to do this, the sounds are deliberately characterized as non-realistic, granted iconic status through repetition and lack of spatialization, and often synthetic in quality (for example in Battlefield 4, the instruction notification, proximity notification, achievement unlock notification, deploy ready notification, and SALI sounds are all based on synthesized or electronic sources).
The implications for immersion
A player may wander around an environment (their sensory experience contributing to immersion), then have an encounter with an enemy (challenge driven immersion) before becoming involved with the narrative through a brief cut scene (narrative driver). 20 They may become lost in the music of the cutscene (music instigated immersion) before being rudely pulled out of their immersive state by the inconsiderate interruption of a spouse or parent… Upon re-entering the game, the sensory experience once again immerses them before the next challenge begins (see Figure 18 below). Understanding the apparent paradox of the authentic and inauthentic illustrates in a new way what has been recognized for some time, that players not only occupy different roles at different times when playing a game, but actually oscillate between different schemas and different drivers of immersion (Lindley and Sennersten, 2008) . This is supported by Calleja's observation that since 'humans have a limited attentional capacity, devoting more conscious attention to one of the dimensions leaves less that can be invested in others' (Calleja, 2011: 45) . 21 Whilst there is no evidence to suggest that the inauthentic ego-ludic disrupts immersion during challenge based gameplay (as long as its ludic nature and function is clear), the presence of the ego-ludic when other immersive drivers are operating runs the risk of necessitating a schema, driver or dimension change, with the potential for a subsequent dip in immersion due to the cognitive load of enacting such a transition. A typical example of the potential for the ego-ludic to disrupt immersion might be where the presence of a trophy sound, or a notification that a friend is now online disrupts a narrative or musically immersive sequence. There is perhaps some evidence that this is understood on a design level in Battlefield 4 when we observe that the narrative cutscenes temporarily exclude the elements of ego-ludic audio and visual HUDs in sequences that are clearly differentiated from normal gameplay (Figure 19 ). 
Conclusions
The immersive authenticity of the Battlefield series is generated through reconstructing the reality, and perceived reality, of the physical world. It achieves this both through an obsessive attention to detail in the accuracy of its representations, and through the recognition that our notions of "real", particularly when it comes to war, are formed to a large extent by our exposure to media (the "mediated real"). The colorations or distortions produced by low fidelity media or recordings immerse the player in a perceived reality, whilst at the same time it is the low fidelity of sensory information available to the player that necessitates the presence of the deliberately unreal or inauthentic; the ego-ludic sounds required to fill these perceptual holes, enabling a mastery of the game. We have seen how players' acceptance of this paradox between the simultaneously authentic and inauthentic can be explained by their familiarity with gameplay schemas, but that the presence of unreal or inauthentic audio elements is only accepted when the drivers for immersion are challenge based, and the sounds have a clearly identified ludic role.
